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3 MATERIALS AND METHODS 
 
3.1 Chemicals for Catalyst Synthesis, Characterisation and Activity 
Testing 
The reactants, acrylic acid (98% purity) and butanol (99% purity) were procured from 
Sigma-Aldrich, Canada. 12-phosphotungstic acid (99.95% purity) and cesium carbonate 
(99.95% purity), components to synthesis catalyst, were obtained from Sigma-Aldrich, 
Canada. The catalyst support, DUSY-60 was purchased from Rohm and Haas, United 
States. Table 3.1 lists the chemicals and its function for the catalyst synthesis, 
characterization and activity testing through the esterification reaction of acrylic acid with 
butanol. 
 
Table 3.1: The chemicals used in the present study 
 
No. Chemicals Purpose 
1 Dealuminated ultra-
stable Y zeolite (DUSY) 
To synthesis Cs Salt of PW/DUSY. 
12-Phosphotungstic acid 
(PW) 
Cesium carbonate 
Ether 
2 Acrylic Acid As the reactant in esterification process. 
Butanol 
3 Hexane As a solvent used for GC-FID analysis 
4 Butyl Acrylate As a standard fr preparation of calibration curve 
3.2 Methods for Catalyst Characterisation and Ester Yield Determination 
 
The aqueous phase esterification of acrylic acid with butanol was investigated in a batch 
reactor with Cs Salt of PW/DUSY as heterogeneous catalyst. The prepared catalysts were 
characterized by N2 adsrption, X-ray Powder Diffraction (XRD) and X-ray fluorescence 
(XRF) techniques. In addition, ester yield measurements will be performed by Gas 
Chromatography.  
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Table 3.2: The analysis methods for the characterization of ALPS-1%DVB-SO3H 
 
No. Characteristics Analysis Methods 
1 Crystal structure X-ray Diffraction (XRD) 
2 Catalyst Composition X-ray Fluorescence Spectroscopy (XRF) 
3 
 
Catalyst Activity (Ester Yield) Gas Chromatography- Flame Ionization 
Detector (DB-200) 
3.3 Synthesis of CsxH3-xPW12O40 /DUSY 
To obtain DUSY 60 supported cesium salts of PW, sequential impregnation and in situ 
reaction on the support was carried out. DUSY-60 zeolite was firstly activated at 500C 
for 4 hours. Cesium carbonate was supported onto DUSY by the incipient wetness 
impregnation with ether as solvent, dried at 110C for 12 hours and calcined at 500C for 
4 hours (Yuan et al., 2005; Zhang et al., 2006). At room temperature, the calculated 
amount of PW was introduced into the catalyst by contacting PW in few drops of water 
with DUSY supported cesium carbonate and stirred well for few minutes (the second 
incipient wetness impregnation with ether as solvent). Consequently, the mixture was 
dried at 110C for 12 hours and calcined at 200C for 3 hours. The CsxH3-xPW12O40 
/DUSY (x = 0.5, 1.5, 2.5) may abbreviated to be CsxPW/DUSY in the context. The 
loading of the best CsxPW over DUSY was varied from 20-40% by weight. All 
synthesised catalysts were subjected to calcine in air at 200C for 2 hours before the 
reaction. 
3.4 The Catalysed Esterification Process  
The activity of synthesised catalyst in the esterification reaction was measured under total 
reflux. A mixture of 10wt% aqueous AA solution (25.0mmol), butanol (75.0mmol) 
(Yagyu et al., 2013), CsxPW /DUSY (10%wt/AA) was stirred for 6 hours at 80C. The 
esterification process was repeated by using 50wt% aqueous AA solution. Lastly, the 
ester yields were determined using gas chromatography. 
3.5 Synthesis and Characterisation of the Optimum Stoichiometry of 
CsxH3-xPW12O40 /DUSY in Various Loadings  
The optimum stoichiometry of Cs salt with most ester yield was found for catalysts which 
applied in the previous esterification reaction in both 10 and 50wt% acrylic acid solution 
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systems were synthesised again by varying the loading of CsxH3-xPW in catalyst from 20-40% 
by weight. The synthesis method was as in section 3.3.  
3.6 Water Treatment of Synthesised Optimum Stoichiometry of CsxH3-
xPW12O40 /DUSY in Various Loadings 
The amount of PW released from the support in the liquid phase was screened by uv-vis 
spectrophotometer. 1g of catalyst was stirred with water for 24 hours and subsequently 
recovered by filtering. 10ml of sample was diluted with factor of 10 and contained by a 
quartz cuvette. For the quantitative analysis, a calibration curve was created by using 
aqueous solution of PW, and the absorption band around 257 nm was used. 
3.7 Applied of the Optimum CsxH3-xPW12O40 /DUSY in Esterification 
Reaction 
Lastly, the catalysts were applied into the esterification reaction as in section 3.5 to 
determine their performance. The sample was extracted per hour in this run for better 
graphic interpretation of ester yield comparison. The Optimum CsxH3-xPW12O40 /DUSY 
in both 10%AA and 50%AA systems were characterised by the corresponding analysis 
methods shown in Table 3.2. 
3.8 Methods of Catalyst Characterisation 
3.8.1 Gas Chromatography Analysis 
 
The synthesised catalyst activities were screened by analyse the reaction products with 
Agilent GC Model 1200 gas chromatograph (GC) equipped with a flame ionization 
detector (FID) to detect the composition of AA and BA in the sample. The desired 
chromatography peak separation was achieved by using DB200 polar capillary column 
(30 m,Ø = 0.32 mm). The analysis was carried out as follows: the initial temperature 
column was 308.15 K, kept for 5 min, and then increased by 10 K min−1 up to 473.15 K. 
The injection and detection chamber temperatures were set at 503.15 K and helium flow 
was set at 34.5 cm3 s−1. 
 
 
